To assess the oucomes of penile prosthesis (PP) implantation after total phallic reconstruction secondary to gender dysphoria.
Introduction
The ideal goal of total phallic construction is the creation of a cosmetically acceptable and sensate phallus with an incorporated neourethra. Indeed, it should allow the patient to void in the standing position in a male fashion, and should have enough bulk to house a stiffener to guarantee the adequate rigidity for penetrative sexual intercourse [1] [2] [3] [4] [5] [6] [7] [8] [9] .
The achievement of the rigidity necessary for sexual penetration has always represented a challenge. This is mainly because of the lack of an adequate substitute for the corpora cavernosa of the penis available for phallic construction [10, 11] .
The ideal method of penile prosthesis (PP) implantation into a neophallus remains controversial. Unresolved issues include the difficulty of anchorage of the PP, the stability of the PP, and the best method for erosion prevention.
This large series reports on the long-term outcomes of inflatable PP implantation in female to male transsexuals who have undergone total phallic construction. To our knowledge, it represents the largest series reported to date on this topic.
Patients and Methods

Study Setting and Patients
Between January 2001 and October 2015, 247 female to male transsexuals underwent implantation of an inflatable PP into a phalloplasty as the last stage of sex reassignment surgery. The type of phalloplasty was discussed during a preliminary visit, according to patients' habitus and patients' preference. The type of phalloplasty created was either a free-flap radial artery phalloplasty (RAP) in 157 patients or an infraumbilical pubic flap phalloplasty (PFP) in the remaining 90 patients. Thirty of the patients with PFP had a radial arterybased free flap urethra incorporated into the phallus in order to create a neourethra [1, 12, 13] . Including revision surgery, a total of 328 PPs were implanted in 247 patients. All PPs were either three-piece inflatable devices (AMS 700 CX 
Main Outcome Measures
A single-centre retrospective analysis was conducted, extrapolating clinical data from the patients' clinical records and operative notes. Patient and partner satisfaction rates were investigated through the administration of a nonvalidated ad hoc seven-item questionnaire 12 months postoperatively (Appendix 1).
Postoperative complications, the eventual need for revision surgery and long-term survival of the implants were evaluated. Patient and partner satisfaction rates were extrapolated from the administered questionnaire.
Statistics
Statistical analysis was carried out using R for Statistical Analysis v3.2.2 (R Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/.) with P values <0.05 taken to indicate statistical significance. Nonparametric tests, a multivariate logistic regression analysis and a Kaplan-Meier survival curve analysis were also applied.
Surgical Technique
Implantation of the PP was carried out at least 1 year after the initial phallic construction (range 12-37 months) once cutaneous sensation was likely to have developed and all eventual urethral complications successfully corrected. The type of implants inserted included AMS 700 CX in 226 operations, AMS 700 CXM/R in 31 operations, AMS Ambicor in 13 operations and a Titan Coloplast in 58 operations. The choice of the PP implanted depended on the type of PP available in our institution at the time of the surgery. The number of cylinders implanted was decided during the preoperative visit, according to the size and shape of the phallus and the patients' preference All patients underwent implantation of the device after i.v. administration of gentamicin 80 mg and amoxicillin/clavulanic acid 2 g/ 200 mg and 10-min scrub of the surgical field with povidoneiodine. Typically, the implantation of the three-piece inflatable PP was performed in two stages. The first stage of PP implantation, reservoir insertion, was carried out simultaneously with the glans sculpture and the insertion of a single large testicular prosthesis into the labia majora ipsilateral to the dominant hand, as already described in an earlier publication ( Fig. 1 ) [1] . The reservoir was inflated and its tubing capped off with a deactivation plug and was left in the proximity of the testicular prosthesis so that it could be easily identified by the surgeon at the following stage. The second stage was performed 3 months later. After insertion of a urethral catheter, the procedure was carried out through a groin incision in the skin crease on the side of the testis and reservoir. The incision was deepened to the pubic bone and all s.c. tissues retracted medially to expose the central aspect of the pubic symphysis. For prosthesis anchorage four Jneedle 0 polyester (Ethibond TM ) sutures were inserted into the pubic bone in two parallel rows~2 cm apart for each cylinder, repeated on the contralateral side if necessary (Fig. 2) . The neophallus was then sequentially dilated with Hegar dilators up to size 18, to create enough space to house the cylinder and the polyethylene terephthalate (Dacron TM ) tip making sure that the cavity was away from the skin and neourethral surface to minimize the risk of extrusion of the (Fig. 3) . Starting from August 2009, a silver-coated Dacron graft was used for all implants aimed at reducing the infection rate secondary to the presence of a synthetic graft around the PP. The phallic length was measured from its tip to the pubis, and the size of cylinder chosen accordingly. A polyethylene terephthalate sock was fashioned to house the rear of the cylinder and to be anchored to the pubic bone. The exit tubing was incorporated within the sock to guarantee additional stability. A similar polyethylene terephthalate cap was fashioned to incorporate the tip of the cylinder to prevent hypermobility and erosion (Fig. 4) .
After the cylinder was implanted using the Furlow introducer, the polyethylene terephthalate sock was anchored to the pubis using the four polyester sutures that had been previously placed (Fig. 5 ).
The testicular prosthesis was removed and the pump of the prosthesis placed into its' capsule in order to allow for extra mobility and ease of access by the patient. The device was connected to the previously placed reservoir tubing and the wound closed in layers. The cylinder(s) were left semi-inflated for 1 week to maintain position and to prevent haematoma formation. Finally, the original testicular prosthesis was inserted into the contralateral labia through a separate incision (Fig. 6 ).
The catheter was removed on postoperative day 1 and the patient discharged on oral amoxicillin/clavulanic acid 875 mg/125 mg twice a day for 5 days. The PP was usually deflated 1 week postoperatively in clinic, the patient taught how to cycle the prosthesis 3 weeks later, and encouraged to have penetrative sexual intercourse after 6 weeks.
Results
The mean (range) age of the patients at the time of implantation of the PP was 38 (21-69) years. No significant comorbidities were detected. In 208 operations (63.4%), a single cylinder was implanted, while two cylinders were fitted in the remainder of the operations. The mean (range) implanted cylinder length was 16.9 (12-18) cm. After a median (range; interquartile range) follow up of 20 (7-123; 83) months, 140 patients (56.6%) still had their original implant in place, while the remainder needed revision surgery.
The complication rate and type of revision surgery needed are summarized in Table 1 . In cases of infection or erosion, all components of the device, including the polyethylene terephthalate sock and cap, were removed under broadspectrum antibiotic cover and a delayed reimplantation of a prosthesis offered at least 6 months later. In cases of mechanical failure, the faulty component was identified intraoperatively and replaced. Patients were offered exchange of the entire device if the original implantation had been carried out >3 years earlier, as life expectancy of implants in phalloplasty is significantly reduced when compared with patients with erectile dysfunction [11, [14] [15] [16] [17] [18] [19] . Causes of mechanical failure were rupture of the cylinder (69%), cylinder aneurysm (19%) and rupture of the connecting tubing between the cylinder and pump (12%). Even though most of the patients needed a single revision surgery, 12 patients required multiple revision surgeries (median 3, range 2-5).
As shown by the Kaplan-Meier survival plot (Fig. 7) , the overall 5-year survival rate of the implants was 78%, with no statistical significance in survival between the different types of prostheses.
Focusing on the subgroups analysis, the only predicting factor associated for PP revision (Fig. 8a) was the type of phalloplasty created, being higher in patients with PFP compared with RAP (P = 0.013). Finally, a multivariate logistic regression analysis was conducted to assess the existence of any predictive factor to the risk of PP infection or mechanical failure. As shown in Fig. 8b,c) , no predictive factors could be shown to be significantly associated with either infection or mechanical failure.
The patient and partner satisfaction questionnaire was completed by 104 patients, of whom 83% reported satisfactory phallic sensation. All patients were able to cycle the device, 97 (77%) were engaging in penetrative sexual intercourse, 77 (61%) had achieved orgasm and 97 (88%) were fully satisfied with the cosmetic and functional outcomes of the total phallic reconstruction. The partner satisfaction rate was 60%.
Discussion
Penile implantation in phalloplasty for gender dysphoria has rarely been addressed in the scientific literature. Following the first scientific report in 1978 by Puckett and Montie [20] , other authors have described the successful implantation of a PP in small series [11, 14, 15, 17, 21] . Table 2 compares the largest series, all of which were retrospective, observational and from single centres. Varying techniques and implants were used, making comparisons difficult. Also there are continuous modifications of the techniques and of the devices used, reflecting the fact that an ideal technique of implantation is still not available. The present study is the largest series to date showing that satisfaction and complication rates are high.
The non-validated questionnaire showed that 88% of patients were satisfied with their prosthesis, although only 77% had had penetrative intercourse; this was usually because of a lack of partner for those who had not. With this knowledge and because of the device survival expectation, patients were offered a delayed implantation until they found a partner. The patients felt, however, that not having a device in place would hinder their ability to find a partner and that implantation should proceed routinely to make them feel 'complete and normal'.
Implantation of a PP into a phallus in female to male transsexuals represents a challenge because of the lack of the tunica albuginea, which forms a natural envelope around the cylinders. For this reason surgeons have developed innovative strategies to anchor the cylinders to the pubic bone and to prevent distal extrusion. All authors agree that all complications from previous stages of the phallic construction must have been corrected prior to PP implantation, and that tactile sensation should have returned in order to achieve a better surgical outcome [1] [2] [3] 12, 13] .
When comparing the technique and results of our data with previous series reported in the literature the following features have become apparent. First, only two and three piece hydraulic PPs should be implanted into the phallus because the risk of erosion is much lower than with the semirigid devices as the implant does not produce constant pressure on the phallic structures [14, 15] .
Second, a polyethylene terephthalate sock and cap, or alternative, should be used to house the cylinders and to allow the long-term satisfactory cylinder position, to firmly anchor the device to the pubic bone and to prevent distal erosion.
Some authors have abandoned the use of polyethylene terephthalate, with the aim of reducing infection rates [14, 15, 22] ; however, the infection rate in the present series is similar to that in other series. The hope that using vascular grafts impregnated with silver would reduce infection rates unfortunately did not materialize.
The use of Dacron could, however, play a detrimental role in traumatizing the cylinders, with the incidence of aneurysms and cylinder failure being the main reason for mechanical failure. The need for development of a specific prosthesis for this indication, with an incorporated anchorage system, is therefore needed to improve device survival.
Third, PFP represents a significant risk factor for PP dysfunction and revision. This finding is probably attributable to the fact that a PFP produces a larger wide wedge-shaped phallus, which frequently requires two cylinders to achieve an adequate rigidity and that it is relatively insensate, increasing the risk of erosion. The significant number of PFPs in our series could explain the high percentage of implant dysfunction, compared with other series.
Fourth, the life expectancy of an implant in a neophallus of a patient with gender dysphoria is much shorter than in a normal male patient. This is because of the lack of protective constituents of the penis and because these patients are young and highly sexually active. For this reason the patients should be warned that multiple revisions might be necessary.
Fifth, despite the high rate of complications, the satisfaction rate of the patients is high even if not comparable to PP implantation in genetic males. The inability to engage in penetrative sexual intercourse and the difficulty to reach an orgasm were underlined as the most common complaints. The lower partner satisfaction rates need to be explored in the future.
In conclusion, even though inflatable PP implantation represents the only solution to guarantee the rigidity necessary to engage in penetrative sexual intercourse in gender dysphoric patients, it represents a highly complex procedure with high complication rates; therefore, it should be carried out only by experienced surgeons in large-volume, dedicated centres.
